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Illumination Circuits and Software.
To obtain programmable control needed to drive the high-power LEDs used in our experiments, we designed the light control system shown in Figure S5 . Using this system, we have precise timing and light-intensity control for 8 experimental boxes that required red and/or far-red illumination. Each black box can house a standard 6-well, 12-well, 24-well, 96-well plate or can be fitted for a single dish with minimum modifications. The system can be replicated for experiments requiring a larger number of boxes or experimental conditions. Far-red and red lights can be controlled independently if placed in the same box. For our experimental setup, boxes contained either far-red 735nm LEDs or red 660nm LEDs. The light control system employs: (a) an Arduino Uno and voltage regulation circuits, managed through a (b) user interface developed in LabVIEW (National Instruments). Figure S6 . Coupled with the Arduino signals, this system delivers light pulses with precise timing and intensity control to the experiment boxes.
The voltage regulation circuit is shown in
The circuit is build using a LM317T linear voltage regulator (STMicroelectronics), a NPN generalpurpose amplifier (2N2222, Fairchild Semiconductors), a resistor and a trimmer potentiometer (Helitrim, model 75PK10K). An external power supply was outfitted for the circuit (Safety Mark, 12V 1.5A Switch-mode power supply). The power supply allows the circuit to vary its current and voltage needs depending upon the intensity chosen by a user using the trimmer potentiometer.
The
LabVIEW user interface, available for download at https://github.com/mcatanho/Kyriakakis_et_al_SupplementaryFiles (See Supplementary Note), controls the Arduino and connected circuits. It allows the user to connect to the Arduino effortlessly and to control experimental conditions such as time delay before illumination, a total duration of sample illumination, and pulse frequencies for each individual illumination box. It also contains digital displays of all relevant experimental times ( Figure S5 ).
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Kinetic Model Development and Parametrization.
We demonstrate the biochemical interactions among the enzymes shown in Figure The quantitative mathematical model was parametrized (Table S5 ) by experimental data and uses ordinary differential equations to describe the changes in the concentration of the molecular components of the reaction.
For the model, we assume that the production of PCB can be described by the set of sequential steps shown in Table S4 , and depicted in Figure 1A . This kinetic model builds upon working as an electron transfer complex to reduce or oxidize enzymes in different pathways, further acting to reduce or NADP+ to NADPH or the reverse of this reaction [3] [4] [5] . As described in Figure 1A , the first step in the PCB production pathway involves the formation of the HO1:Heme complex, which receives electron transfers from reduced ferredoxin (Fdred), producing BV 6 .
Following a PcyA:BV complex is formed, which in turn also receives electron transfers from Fdred, leading to the production of PCB. As the preferred electron donor for HO1 and PcyA, reduced Fd allows for continuous turnover of those enzymes in the PCB production pathway 6 .
The reactions described above to produce PCB are shown in Scheme 1. The model assumes that those molecules are present in vitro at stoichiometry levels compatible with our transient transfection plasmid ratio. For simplicity, the model ignores differences in overall expression and degradation of each enzyme. Our model does not assume degradation of heme or BV, since we assumed there were saturating amounts in the cell medium. We also assume 4 that the oxidized ferredoxin, a result of the electron transfer to the HO1:Heme and PcyA:BV complexes, is renewed in the NADP + /NADPH pathway catalyzed by FNR. We probed the proposed model directly as proposed in literature 2, 7, 8 , and similar pathways published. We complement this work showing the model's agreement with the hypothesized pathway, confirming that in the presence of heme, Fd and FNR are the rate limiting factors to produce PCB, confirmed experimentally in Figure 1B . We also show in Figure S7A , how PCB's production dependence on Heme and the NADP/NAPDH pathway, characterized by the presence of Fd and FNR, are interlinked.
Design and Parametrization of the Mathematical Model.
Coupled, first order, ordinary differential equations (ODEs), parametrization of the model was performed using previously reported endogenous PCB production curves (1) 
: : 
The set of coupled ordinary differential equations obtained from those reactions, following massaction kinetics 9 , is shown in Scheme 2. 
Sum-of-Squares and Parameter Estimation
We assume that the system of ordinary differential equations (ODE) shown in Scheme 2 can be represented as a dynamical system given by an N-dimensional state variable ( ) ∈ ℝ , at time
, which is the unique and differentiable solution for the initial value problem given by:
As such, the ODE depends on certain parameters ∈ ℝ
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. Also, let denote the data of measurement = 1, … , , where represents the total amount of data. Moreover, the data satisfies = ( , ) + , for some function : ℝ → ℝ , and ≥ , > 0 and are independent and standard Gaussian distributed random variables 10 . The function (⋅) is continuously differentiable. To estimate the parameters , given the initial conditions, utilizing the principle of maximum-likelihood to yield a cost function to be minimized gives us:
We perform a direct minimization of ℒ with respect to to obtain the parameters show in Table   S5 , and used throughout the experiments described next.
Implementation of Experiments.
Our model was used to gain insight into the dependencies of this pathway and to further validate our experimental results. HO1 and PcyA were assumed to be at equimolar amounts and Fd at 8 1/10 th of that molar concentration. Unless stated otherwise, the following initial conditions were used. If not listed, the initial concentrations were set to zero at t=0.
[Heme](0) = 100 To demonstrate how the species specificity between Fd and HO1/PcyA plays a pivotal role in the amount of PCB produced, we performed a decreasing sweep through the parameters k3 and k9, 9 which control binding of HO1 and PcyA to Fd respectively. The sweeps were started at the parameter's value as described in Table S5 to 1e-3 / −1 . The resulting graph is shown in Figure   S8B .
Experiment 4: Variable Levels of Heme.
In this experiment, we performed a sweep over a range of Heme concentrations, from 100, 10, 5, 1 and 0.1 . This experiment, similar to Figure S7 , shows the heme dependency of PCB production. The respective graph is shown in Figure S8C . HEK293 cells were transfected 24 hours after plating. Calculations are for each well in a 6-well plate. Cells were harvested 44 hours post transfection followed by Immunoprecipitation and Zn-PAGE as described in methods. 
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Figure 3D
HEK293 cells were transfected 24h after plating, followed by a medium change 24h after transfection. For illumination, 1μmol/m2/s 1-minute pulses of red light were delivered for 24h, starting 12h after the medium change.
Cells were kept in darkness before and after illumination. Lysis was performed 72h after transfection, and samples stored in -20C until assayed. 
Plasmid
Figure 3F
HEK293 Cells were transfected 24h after plating, followed by a medium change 24h after transfection. For illumination, 1 μmol/m 2 /s 1-minute pulses of red light were delivered for 24h, starting 12h after the medium change.
Cells were kept in darkness before and after illumination. Cell lysis was performed 72h after transfection, and samples stored in -20C until assayed. Cells were transfected 24h after plating, followed by a medium change 24h after transfection. In Figure 4D , Unless indicated otherwise, all other concentrations were considered to be zero.
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Figure S1
. Imaging endogenously produced PCB in mammalian cells. HEK293 cells were transfected with PhyB alone
mitochondrial sho1+spcyA (M2), or mitochondrial sho1+spcyA+spetF+spetH (M4). DAPI DNA stain was imaged using the DAPI channel (purple). PhyB tagged with HA was imaged using anti-HA (green), PcyA tagged with FLAG was imaged using anti-FLAG (red). PCB was imaged using the Cy-5 channel (blue). All images were taken under the same exposure and contrast settings using a 60X (1.40NA) objective. 
IRES = Internal
